THE AIM OF the experiments described here was to study the response of single auditory-nerve fibers to acoustic stimulation delivered to the intact ear. Similar studies on other single afferent fibers have remarkably extended knowledge of the mode of action of diverse sensory mechanisms, while at the same time emphasizing their fundamental similarities. The present report describes the behavior of single auditory fibers and stresses similarities to other sensory nerves; in a subsequent paper we hope to relate these findings to a specific theory of action of the mammalian cochlea.
METHOD
Young cats anesthetized with dial (0.75 cc. per kilo) were used in these experiments.
The postero-dorsal aspect of the auditory nerve was exposed by removing the lateral portion of the occipital bone where it meets the petrous bone. Bleeding from the sinus petrosus inferior was stopped by judicious cauterization or by Clotting Globulin. * A Ringer-filled glass micropipette with Ag-AgCl wire inserted as close as possible to the tip served as the active lead from the nerve. It was early established that pipettes with openings greater than 5~ do not allow isolation of the action potentials of single auditory fibers. The 3 to 5~ electrodes used have an impedance of about 1 megohm when tested on a resistance-capacity bridge between 0.6 and 2.5 kc. The microelectrode and the indifferent electrode (a silver plate in the neck muscles) led to a capacity-coupled amplifier (Grass) with an input done photographically impeda from a .nce of cathod abou .e ray t 8-10 oscillo megohms. Recording 'graph. A neon bulb at was the edge of the cathode-ray tube-face signalled the duration of presentation of sound.
Pure tones were ordinarily used as stimuli. A rubber hose conveyed the sound from a loudspeaker to the ear of the animal. The sound system differs in no important respect from that already described from this laboratory? (4). The tones were generated by a beat frequency oscillator having a range up to 40,000 c.p.s. (G.R. 713-B). Their intensity was controlled by an attenuator graduated in 2 db steps. Our reference level (0 db) is 2 V. output from the oscillator. This level corresponds to a sound intensity delivered to the ear of the animal of approximately 100 db above human threshold at 2000 cycles.
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Each experiment began with a determination of the threshold of aural microphonics for clicks and pure tones as recorded from the round window with a large silver-wire electrode. Animals shown by this test to be markedly less sensitive than normals almost invariably had suffered section of the cochlear blood vessels during the operation.
If the round window responses were normal, the cochlear electrode was removed and the microelectrode introduced into the auditory nerve with a micromanipulator until large, simple, diphasic potentials registered on the tube face when a vocal sound (or a whistle or hiss) was made near the cat's ear. The experimenter then left the cat isolated in a quiet sound-deadened room, and presented subsequent sounds by remote control through the loudspeaker.
RESULTS
A. GeneraZ. Figure 1 shows the type of response obtained from favorable preparations.
In A, the words "eighth nerve" spoken in a conversational tone at a distance of about 20 feet from the cat elicited the response pictured.
In B, acoustic stimulation caused an increase in rate of discharge of another isolated unit.
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Evidence that the isolated unit is a single nerve fiber comes from the simplicity of the recorded electrical pattern (Fig. 1C) . The records consistently show an initial negative spike followed by a positive phase, and the amplitude and duration of the discharge remain practically constant in spite of variation of frequency and intensity of stimulation over a period of many hours. In some records, it should be pointed out, the negative phase is reduced or absent (Fig. 9) .
Further support for the conclusion that electrical records from single fibers are here under consideration comes from the difficulties experienced in setting up an adequate preparation.
A smooth base-line broken bv sharp 0.5 sec.
FIG. 2. Responses
of single auditory-nerve fibers. A, B, and C, the same fiber pictured in Fig. 1 spikes when the sound goes on is not commonly seen. Usually the electrode picks up numerous spikes of varying amplitude, giving a complicated picture obviously representing activity in many neural units. Subsequent careful adjustment of the microelectrode often enhances the response of one unit while diminishing that of the others, which become merely annoying fluctuations on the base-line. These manipulations, it should be noted, often increase or decrease the relative amplitude of the positive phase. This fact is difficult to reconcile with the known properties of the nerve discharge unless it be assumed that the geometrical relation between very small microelectrodes and the active tissue determines in some important way the electrical pattern which will be recorded.
On more than one occasion during the recording of single fiber potentials, the customary diphasic pattern suddenly changed to a monophasic negative discharge. to monophasic discharge, support this interpretation. Figure 2 shows examples taken from the records. - 
Sound stimulation
causes an increase in rate of monophasic discharge analogous to that described for the diphasic discharge (Fig. 2C, D) . This probably means that even though the nerve is being excited by the contact of the electrode, with consequent passage of impulses toward the periphery, the end organ is still able to stimulate in the normal way. Such impulses as do arise, however, ascend only as far as the electrode.
The isolated auditory fiber may discharge in the absence of acoustic stimulation.
Examples of this activity, which will be termed "spontaneous," are seen in Fig. 1A to C. More than half the fibers isolated reacted spontaneously; occasionally ( Fig. 1D ) one did not. Spontaneous activity appears to be common in sensory nerves (see 8, p. 572). In reading records from such fibers, excess discharge over the spontaneous rate may be taken as indicating response to the acoustic stimulation delivered by the experimenter. A brief silent period during which spontaneous activity is absent often occurs upon cessation of stimulation (Fig. lB, E stimuli, the silent period may be succeeded by a period of marked acceleration of the spontaneous discharge (Fig. 1E) . B. Adaptation.
A decrease in the voltage output of the auditory nerve shortly after onset of sound stimulation was noted and termed "equilibration" by Derbyshire and Davis (4). They attributed this phenomenon to (i) decrease in the rate of discharge and (ii) decrease in voltage output of each responding fiber. We shall refer to these two factors as rate-adaptation and amplitude-adaptation, respectively. Figure 3 shows that this explana- . electrode, is supported nerve discha .rge at the onset of stimulation is relatively high, but drops off with time; this type of adaptation in auditory fibers is like that occurring in other sensory fibers (1, p. 23 ff.). Furthermore, a diminution of spike height (voltage) also takes place in accord with observations that rapid discharge prevents complete functional recovery of the nerve fiber (7). As a general rule, both rate-= and amplitude-adaptation can be expected to be substantially complete within a few tenths of a second after a fiber begins to respond (see Fig. lB, and 9 ). Some fibers, like that pictured in Fig. 7 , appear not to exhibit the adaptation phenomena.
C. Minimal response of single fiber. Whether or not a single auditorynerve fiber will respond to a pure tone depends upon both the frequency and 
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the intensity of the sound striking the ear. When intensity is fixed at a value just sufficient to cause minimal response, only a narrow band of sound frequencies excites a given auditory-nerve fiber. Thus we may assign to each fiber a characteristic frequency band and a particular minimal intensity, and refer to these as the "characteristic frequency" and the "minimal intensity" respectively.
For example, a particular-fiber increased its rate of discharge a just perceptible amount over the spontaneous rate (i.e., it "began to respond") when -100 db). At the intensity level given on the ordinate those frequencies covered by the horizontal line caused the fiber to respond.
Note that as intensity increases (less attenuation) the range of stimulating frequencies is extended. The spread, however, is unsymmetrical. 100 db (below 2 V.) were presented to the ear. At 102 db, all frequencies were ineffective. This fiber, therefore, had a "characteristic frequency" of 2000
c.p.s. and a "minimal intensity"
of -lOOdb, and it may hereafter be designated as "the 2000 c.p.s., -100 db" fiber. Figure 4 shows the characteristic frequency and minimal intensity values for some forty fibers. It will be noted that no fibers with characteristic frequency below 420 c.p.s. were isolated in spite of repeated attempts to find them. This may mean that the cat has no fibers specifically sensitive to frequencies below about 400 cycles, or that the standard operation used throughout this study does not favor their isolation. How extensive is the range of frequencies which excite at minimal intensity? For a 700 cycle fiber the range was + 10 cycles, i.e., between 690 and 710 c.p.s. For a 7000 cycle fiber it was + about 100 c.p.s. Thus although in terms of cycles per second the bands are narrow for "low frequency" and broad for "high frequency" fibers, relatively they are about the same. Each fiber may therefore be said to 9une in" sharply to a specific and narrow region of the sound spectrum. This finding is of first importance in establishing the mode of action of the cochlea in hearing.
On comparing minimum intensities required for activation of nerve fibers and for the appearance of aural microphonics (Fig. 4) , two important points emerge. First, aural microphonic thresholds (measured at the round window) appear to be a poor index of the minimum sound intensity required for nerve stimulation. This is particularly true for high frequencies: while no cochlear potentials above 20 kc. can ordinarily be measured at the round window, yet nerve fibers excited by greatly attenuated sounds of frequencies of 25 kc. or higher are found with relative ease. It is also important that although over the 1 to 10 kc. range the minimal intensity for some fibers lies near the threshold of the aural microphonic, other fibers may require for excitation much reduced, or much increased, intensity. This indicates that there are many nerve fibers which respond to a given frequency, and that they are called in successively as the sound intensity is raised.
The range of sound frequencies capable of exciting a fiber becomes more extensive asthe intensity level is raised. This fact is shown in Fig. 5 . At each value given on the ordinate (intensity level), those frequencies covered by the solid horizontal line were able to excite. The sharp tuning noted at the minimal intensity obviously disappears as intensity level is raised. At 90 db above its minimal intensity, this particular fiber is excited by all frequencies between 250 c.p.s. and 2500 c.p.s., representing, respectively, 3 octaves below, and only about 3 octave above the characteristic frequency. These 46 ROBERT GALAMBOS AND HALLOWELL DAVIS facts will be considered in detail later as evidence that larger and larger areas of the basilar membrane respond to increasingly more intense tones. A line connecting the ends of the frequency bands shown in Fig. 5 encloses a roughly triangular area which contains each sound frequency and intensity capable of stimulating the given fiber. This area may be termed the "response area" for that nerve fiber, and each response area is unique. Figure 6 shows response areas for three fibers from one animal; where over- lapping occurs, stimuli are defined which would have excited both (or all three) fibers.
The continuous 7"-shaped line which marks the lower boundary of each response area in Fig. 6 may be thought of as the threshold curve for excitation of the corresponding fiber. This threshold excitation curve gives the intensity required to elicit a just perceptible increase in nervous activity at each frequency.
D. Response of the single fiber as a function of sound intensity. The rate of discharge of an isolated auditory fiber is determined by the frequency, the intensity, and the time after onset of the stimulating tone. How the fiber "equilibrates" or adapts with time has already been demonstrated (Fig. 3) , and how rate of discharge depends, at constant intensity, on sound frequency will be treated under "iso-intensity contours" (see below); this section will RESPONSE OF SINGLE AUDITORY-NERVE FIBERS 47
describe the very considerable part played by sound intensity in determining nerve discharge rate. "Minimal intensity" has been defined as that intensity level which just causes discharge, or, if the fiber is spontaneously active, where a just perceptible is raised increase over the sp above the minimal ontaneous rate occurs. When stim the fiber responds by discharging ulus intensity more rapidly. I  I  IL  I  I  I   I   I  I  II0  100  90  80  70  60  50  40  30  20  IO  0 plotted. Frequency of nerve discharge (spikes per second) clearly varies with stimulus intensity for auditory fibers as for other sensory fibers. For most auditory fibers the maximum discharge rate is attained at sound intensities about 30 db above the minimal intensity. The values of discharge rate plotted in Fig. 8 were calculated by multiplying by ten the spikes appearing in the first one-tenth second after onset of the tone. Reading the records in this way gives data on the maximum rate of discharge -on fibers undergoing rapid adaptation.
When, instead of this, the total number of nerve discharges in the first second are counted and plotted, the resulting curves are like Fig. 8 change in intensity is similar to what has just been described for unadapted or partially adapted fibers. Figure 10 shows segments from the continuous record of the response of a 2600 cycle fiber (the same one shown in Fig. 7 ) to a 2600 cycle tone; between each segment of the record, the intensity lies well below the unadapted maximum of 450 spikes per second. Some adapted fibers do not behave in precisely the manner just described. One fiber, subjected to the procedure used for obtaining the data summarized in Fig. 10, maintained its equilibrated discharge rate of 50 to 60 responses per second in spite of an intensity increase of 50 db. No immediate explanation for this phenomenon is apparent. E. Iso-intensity contours for a single fiber. The rate of discharge of a single auditory fiber was shown to depend, at constant sound frequency, upon intensity of stimulus.
The question now arises as to how the fiber behaves when intensity is kept con&ant but frequency is changed.
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This question was attacked experimentally as follows. Once the response area pictured in Fig. 5 Fig. 8 , however, makes it appear that any frequency of nerve discharge (up to about 450 per sec.) may accompany any sound frequency, while a cursory glance at records such as those in Fig. 1 and 3 may lead to the conclusion that the nerve discharges in a haphazard and erratic manner. Such behavior if demonstrated, would be inconsistent with a volley theory, and we were therefore interested in designing an experiment to show whether the nerve impulse is synchronized with some phase of the sound wave. To test whether the nerve discharge occurs at a particular and specific point in the sound wave cycle, both nerve response and aural microphonic were photographed simultaneously. This was made possible since under certain conditions the potential led off by the microelectrode included a significant component from the cochlea (aural microphonic) in addition to the nerve response. Although this meant introduction of an undesirable artifact into most of the records, it supplied exactly the conditions for relating nerve response to the phase of the sound stimulus.
In Fig. 12A responses of a single fiber are seen to clump closely about one half or less of each aural microphonic cycle. The aural microphonic in this record may be taken to represent the sound wave, and since the nerve spike shows a consistent phase-relationship to the aural microphonic, this indi- cates a similar phase relationship to the sound wave. The hundreds of sound wave cycles (measured, as just indicated, in terms of microphonic cycles) recorded in the sweeps in Fig. 12A gave rise to only tens of nerve discharges, yet it is perfectly clear that nerve impulses, when they do arise, consistently occur at a specific and particular portion of the sound wave cycle. Figure  12B shows the similar behavior of another fiber. Figure 13 illustrates the same point, and supplies the additional information that the nerve discharge is in synchronism with any sound wave of sufficient intensity to stimulate. These results both confirm and extend to volley hypothesis.
It will be noted that there is some variability in the spot on the aural Fig. 12A . If it be assumed that a similar variability occurs at other frequencies, it would be expected that the auditory nerve as a whole could not discharge synchronously above about 4000 c.p.s. This is th e value arrived at experimentally by Wever and Bray (18) and by Derbyshire and Davis (4).
DISCUSSION
A. The behavior of auditory nerve fibers 1. Sensitivity. The threshold for excitation of a given auditory-nerve fiber is given by the series of points which marks the boundary of the response area ( Fig. 5 and 6 ). Each point on this contour designates a tone which is just adequate for exciting the fiber. The point at which this contour passes through a minimum of intensity gives the "characteristic frequency" and "minimal intensity." There is a resemblance between the contour showing the threshold for Both are defined in terms of the frequency and the intensity of the tone striking the ear and they both pass through a minimum. The principal difference lies in the relative narrowness of the frequency range for the single fiber.
The absolute sensitivity of auditory units apparently varies over a wide range (Fig. 4) . sensitive units, however, require for excitation intensities which must be "loud" to the cat. Regardless of whether the unit is sensitive or not, however, an increase in intensity of 2 db over the minimal intensity causes it to discharge, on the average, about 40 additional times each second (see Fig. 8 ). This is a very noticeable change in the response of the unit. It amounts to about 10 per cent of the maximum possible change.
It is interesting to compare this differential intensity sen .siti vity of the isolated auditory unit with that of the ear as a whole. The difference limen for intensity is usually given as about 3 db between 1000
and 4000 cycles at 5 db above threshold for human subjects (16, p. 138). The 3 db increase of intensity required to elicit a sensation of increased loudness (human) will cause about 50 additional discharges per olfactory (3), gustatory (15), lateral line (9), and now auditory afferents are known to discharge in the absence of any apparent stimulus.
On the other hand, vestibular (12), touch (1, 5), visceral (lo), vibratory (14) and striated muscle (13) afferents seem to display little if any spontaneous activity. Spontaneous activity appears to occur only when the nerve is in continuity with an active end organ. Lateral-line afferents cease discharging if cut peripheral to the recording electrodes (9). Adrian and Ludwig (3) showed that whereas spontaneous discharge in the nerve was reduced by anesthetizing the end organ (olfactory bulb in fish), it could be abolished only by section of the nerve between the end organ and the recording electrodes. It is difficult to say exactly what constituted the olfactory stimulus in the above case, and indeed to determine whether there actually was one; the same difficulties arise in the case of the eye, tongue and ear. Two alternatives are apparent: either it is not possible completely to eliminate stimulus energy under even the best experimental conditions (i.e., there is no such thing as a %timulus-vacuum"), or a certain number of end-organ elements, always delicately poised at the brink of discharging, occasionally do so even though no stimuiation of the sort usually considered adeq uate is presented. As an example of the la tter al ternative, slight mechanical movements induced bY blood flow might be responsible for all spontaneous discharge. If this were true, it would appear that the cells of a given end organ, irritable to an extraordinary degree to one type of energy, nevertheless can be discharged by other types of stimuli.
In the case of the ear, spontaneous nerve activity may be due to discharge of the end organ stimulated by the many sounds which must constantly bombard the ear. Sounds attending respiration, heart beat and flow of blood through cochlear structures as well as those external noises resulting from inability to soundproof the experimental room completely may all constitute adequate stimuli for the sensitive end-organ structures. The silent period is that fraction of a second following cessation of stimulation during which no spontaneous activity is detectable. The silent period was observed in most fibers isolated and after stimulat ion . at hi gh intensity levels; seemed to no attempt be particularly marked wasmade to study this phenomenon in any systematic way. A marked increase in spontaneous activity followed the silent period in certain cases where stimulation was very intense (Fig. 1E) . Because of analogies to behavior of other end organs, this may be termed an after-discharge.
It deserves further study since it may be correlated with the tinnitus which many persons experience after exposure to loud sounds.
3. Adaptation.
Like certain visual, muscle spindle and pressure afferents, auditory nerves respond to a continued stimulus of constant intensity by a burst of impulses which gradually declines in rate. In this respect they clearly resemble the pressure sense organs from which they are embryologically derived.
The final rate of discharge maintained by an auditory receptor adapted with tones at ordinary intensity levels is 100 to 200 discharges per second, and the steady state is arrived at within a second or two. No further significant change occurs even though activity is recorded for as long as 30 seconds. The so-called %low equilibration" discussed by Derbyshire and Davis (4) was not investigated.
The Although it is difficult to assess the importance of rate-adaptation in rapid equilibration with any exactness, it seems clear that it may decrease the potential output of the auditory nerve to 25 per cent of its maximum within a second or so after the sound goes on. 4. Maximum rate of discharge. The maximum rate of nerve discharge appears to be determined not bythe ability of the fiber to respond but by the capacity of the end organ to discharge. During the first 0.05 sec. after onset of stimulation, a series of impulses at a maximum rate not exceeding 500 per sec. may arise, yet one impulse can follow another at rates up to 900 or 1000 per sec. This seems to show that the nerve is only occasionally called upon to discharge at its highest rate.
The bottom sweep in Fig. 1C was reproduced to show the shortest interval between two impulses noted in some 500 high-speed records. The interval is about 1 msec. Inter vals shorter than this--indicating rates higher than 1000 per second--have not been observed in hundreds of slow-speed records either; there is no justification for assuming, therefore, that auditory nerves display unusually brief refractory period phenomena. It is necessary to establish one point regarding the distribution of the peripheral endings of the auditory nerve in order to apply the data from single fibers to a specific theory of action of the mammalian cochlea in hearing. The question is simply this: are the endings of each fiber in contact with few or with many hair-cells? Laorente de No (11) discussed this problem and described five types of fibers, of which 'Yadial" fibers end on a few neighboring internal hair-cells, while "spiral external" fibers end on hair-cells over a third of a turn or longer. The distributions of only two out of five fiber-types are known, and thus the question of how many hair-cells are capable of exciting a given nerve fiber partial answer from the excellent work of the anatomi .sts.
receives only a -Pending clarification of this problem, it will be assumed that each nerve fiber is in contact with a "small number" of hair-cells. From this assumption it follows that response in a single auditory fiber means excitation in a particular and restricted region of the cochlea. I t will be noted that distortion of hair -cells resulting from movement of the basilar membrane is taken for granted as a prerequisite for nerve excitation.
This train of events appears to be generally accepted as a fundamental part of the mechanism of hearing and needs no further discussion.
2. Pitch discrimination near threshold. In Fig. 4 only a narrow band of frequencies. All other frequencies are ineffective. This clearly indicates that each pure tone singles out and causes to move one particular and restricted region of the basilar membrane. For perception of pitch at threshold, then, the data from these experiments confirms a place theory of hearing, a theory according to which different regions along the length of the basilar membrane are excited by different sound frequencies. 3. Loudness. The principal psychological correlate of the intensity of a tone is its loudness. Our experiments show that an increase in sound intensity results in an increase in number of nerve impulses ascending the auditory nerve.
Increase in intensity of the soun .d stimulus excites more nerve activity in two ways. First, each active fiber discharges at a higher rate (see Fig. 8 ). Second, a larger number of fibers are made active. This is shown by Fig. 5 and 6 (response areas), where a given spot on the basilar membrane--fixed by the single fiber being studied-is excited by sound frequencies which lie farther and farther removed as the intensity level is raised. These response areas, demonstrated experimentally, can only be interpreted as supporting the familiar concept of spread of excitation along the basilar membrane as a basic explanation for loudness perception. 4. Pitchperception at high intensities. For man at least, a 2000 cycle tone near threshold has j ust about the same pitch a .s a 2000 cycle ton .e at a sensation level of 10 0 db. Our experiments show the involvement of a large basilar membra ne area, with many nerve fibers excited, w phen the tone opposed to a small are a with few fibers excited at or near thresh01 is .
.d 1 loud, as ntensity (Fig. 5, 6, and 11) .
However, the ability of the frequency which first excites to continue, as intensity level rises, as the most effective stimulus is a consistent finding. Thus, in Fig. 11 where the iso-intensity contours for a 7000 cycle fiber are plotted, each 7000 cycle tone calls out more nerve activity at a given intensity level than any other stimulating frequency. This particular 7000 cycle fiber was always most readily excited by a 7000 cycle tone at any intensity level up to 50 db above its minimal intensity. At intensities above this, adjacent frequencies begin to cause maximal discharge, and consequently maximal discharge from this fiber can no longer serve as a clue for pitch. However, it should be recalled that a number of fibers have the same characteristic frequency but widely different minimal intensities.
(See Fig. 4 at 7000 cycles.) The characteristic frequency is the most effective stimulus, therefore, to that intensity where all fibers "tuned" to that frequency have not yet been forced to respond at their maximum rate. This, in effect, is a restatement of Gray's theory of maximum stimulation. In addition to causing maximum excitation at one spot on the basilar membrane, increasingly more intense tones at a given frequency appear to enlarge the area involved in a regular and systematic man ner. This is shown both by the response-area evidence already discussed, and by the isointensity contours. It must be clear that the single fiber technique does not ROBERT GALAMBOS AND HALLOWELL DAVIS allow direct exploration of the total area a given tone involves. Instead, it identifies only those tones which affect the area isolated. The evidence is nevertheless unequivocal for a gradual and systematic extension of the pattern of vibration of the basilar membrane as intensity is raised. Here, then, is a second phenomenon common to all tones having the same pitch. They all cover the same minimum area; and the louder ones, while extending that minimum area in all directions, do so according to a series of regular rules. So long as the site of maximum stimulation remains fixed and new increments of area around the edges of that previously in vibration are added in a systematic way, the pitch stays constant. It should be apparent that the discussion in this section very closely resembles the space-time pattern theory formulated by Fletcher (6). Similarities and differences will receive more complete attention in a later paper, in which, also, the pattern of vibration of the basilar membrane as derived from response-area data will be discussed.
SUMMARY
The activity in single fibers of the auditory nerve in cats has been studied with the aid of microelectrodes.
The fibers were excited by delivering acoustic stimulation to the ear. Each auditory-nerve fiber responds only to a narrow band of sound frequencies when the sound intensity is just sufficient to excite it at all. Fibers were found which were specifically sensitive to narrow bands of frequencies in the frequency range between 420 c.p.s. and 25,000 c.p.s. (Fig. 4) .
The auditory fiber exhibits no unusually brief refractory phenomena. It may discharge spontaneously in the absence of any apparent sound stimulus. After a period of marked activity during sound stimulation, the spontaneous activity may be temporarily depressed (silent period), then accelerated (after-discharge) (Fig. 1) . The auditory fiber typically responds to a continuous adequate sound stimulus by a train of impulses initially high, but gradually declining in rate (Fig. 3) . Within a few tenths of a second after the tone goes on this rateadaptation is complete and the amplitude of the action potentials is somewhat diminished as well. It is concluded that auditory fibers behave in every important respect like other sensory fibers. At constant frequency an increase in sound intensity causes an increase in rate of discharge by the single fiber (Fig. 8) . Most fibers reach a maximum of 450 discharges per second after an intensity increase of about 30 db.
The frequency band capable of exciting a given fiber increases markedly as the intensity level is raised (Fig. 5) . At levels about 100 db above threshold tones as far away as 3 octaves below and 3 octave above may be adequate.
The auditory-nerve fiber discharges in synchronism with a definite part of the stimulating sound-wave cycle (Fig. 12) . The results are held to support a place theory of hearing according to
